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higher frequency rate of MRSA within a particular geographical area was shown to be a reflection of successful spread of one or several clones, and this varies depending on the health-care setting, country or region. [1] Furthermore, the variations within clones are observed even within a particular region with some increasing in number and some fading away. [15] Thus to better understand the epidemiology of MRSA in a particular geographical location, it is important to study its population structure using molecular tools which helps in identifying the genetic diversity of the pathogen, its evolutionary pathways along with clonal population and tracking the spread of S. aureus infections. [16] Reliable molecular tools for typing S. aureus phylogeny are pulsed-field gel electrophoresis (PFGE), staphylococcus cassette chromosome (SCCmec) typing, multilocus sequence typing (MLST) and staphylococcal protein A (spa) gene typing. [17] PFGE is considered as the gold standard for strain characterisation and is widely used to identify outbreaks and for short-term local epidemiology. [1, 18] The major disadvantage of this method is however difficult to compare PFGE patterns due to low portability of the data among different centers along with regional description of its patterns. [19] SCCmec typing uses a defined nomenclature but there are several typing and subtyping schemes in this method that sometimes may not be harmonized easily. MLST involves sequencing of seven housekeeping genes and isolates showing sequence similarity in all seven genes are given a unique sequence type (ST) number. The closely related STs are grouped together into a single clonal complex (CC). [20, 21] MLST is highly discriminatory and widely accepted technique for typing of S. aureus and MRSA epidemiology, but sequencing of seven genes makes this an expensive and time-consuming method. Therefore, many epidemiological studies have used spa typing, a method based on the sequencing of polymorphic X region of spa gene. The spa gene consists of the different functional region, including the Fc binding region that confers binding to the cell wall and polymorphic X region made of a variable number of 24-bp repeat fragments. These repeat fragments are assigned a numerical code and the spa type is deduced from the order of specific repeats. [22] Further, an algorithm named based on repeat pattern (BURP) is then used to group various spa types into spa-CCs. Thus, spa typing, unlike MLST and PFGE, can be used to study both the molecular evolution and hospital outbreaks because it is least tedious, less expensive and less time consuming among all the previously described methods. [23] In Canada, based on observed concordance of spa types with MLST and PFGE, the feasibility of spa typing for Canadian MRSA strains has been demonstrated as a more expedite and less technically demanding alternative typing method. [24, 25] Unfortunately, the molecular epidemiology of S. aureus is not well described in India. A handful of studies on the molecular characterization of S. aureus isolates in India are done based on SCCmec typing and MLST typing and that too are only on MRSA isolates. This study is the first report on methicillin-susceptible S. aureus (MSSA) and MRSA population structure and various clones present in the study area by spa typing method. It was conducted to better understand the S. aureus phylogeny by spa typing in combination with BURP analysis. The major strength of this study is that it was conducted on the S. aureus isolates from both indoor and outdoor patients. To the best of our knowledge, this is probably the first largest study of molecular epidemiology of S. aureus by spa typing in Haryana, India.
matErIals and mEtHods
This study was conducted from April 2015 to May 2016 and was approved by the ethics committee (Ref. letter SGTU/FMS/D/209) of Shree Guru Gobind Singh Tricentenary (SGT) University, Budhera, Gurgaon. A total of 250 S. aureus isolates from various clinical specimens including pus, wound swabs, urine, catheters, blood and cerebros-spinal fluid from both indoor and outdoor patients of SGT Hospital, Budhera, Gurgaon were included in the present study. Identification of S. aureus was based on the standard methods such as Gram staining, catalase, mannitol fermentation, slide and tube coagulase tests. [26] The susceptibility testing to cefoxitin was performed to identify methicillin resistance with Kirby-Bauer disc diffusion method according to CLSI guidelines. [27] All isolates of S. aureus were subjected to a multiplex real-time polymerase chain reaction (PCR) for Staphylococcus protein A gene (spa) and methicillin resistance gene (mecA). [28] 
Spa typing
The spa typing was performed by PCR using primers (designed by us) as described below.
DNA preparation and extraction
Overnight culture (100 μl) was pelleted at 12,000 rpm and washed thrice with distilled water. Washed pellet was suspended in Tris-ethylenediaminetetraacetic acid (EDTA) buffer and incubated in boiling water for 10 min for culture inactivation. Post inactivation the cells in the suspension were lysed with mechanical bead beater using 0.1 mm zirconia-silica beads at 15,000 rpm for 2 min. The lysate was then centrifuged at 12,000 rpm for 10 min. The supernatant was transferred to a separate tube and further purified using Qiagen blood mini kit (Qiagen, Germany) following protocol for body fluids as described by the manufacturer. The purified DNA was quantified using Nanodrop spectrophotometer (Thermo, USA).
Primer designing
The variable repeats region of spa gene was manually selected and used as input in Primer 3 software (Sourceforge: primer3. sourceforge.net/. Developed by Steve Rozen and Helen Skaletsky) and run using default parameters. The resultant primers were further screened manually using Gene runner software version 3.05 (Hastings Software Inc. Hastings, USA) for the best primer pair, devoid of secondary structures. The primers were then filtered for their specificities using NCBI Blast program, with a filter of delta E value ≤0.1.
Polymerase chain reaction amplification
Bacterial DNA (2 μl of 100 ng/μl) was used to constitute 25 μl PCR reaction containing 1U (0.2 μl) AmpliTaq (Thermo, USA), 1 × (2.5 μl) AmpliTaq buffer (Thermo, USA), 200 μM (0.5 μl) dNTP (Thermo, USA), 1.5 mM (1.5 μl) MgCl 2 (Thermo, USA) and 500 nM (1.25 μl) each of forward (TTAGCATCTGCATGGTTTGC) ( s p a p o s i t i o n 1 2 3 -1 4 3 ) a n d r e v e r s e p r i m e r s (CAAGCACCAAAAGCTGACAA) (spa position 713-723) (Bio Serve, India) and made up with nuclease free water. The reaction was performed in a T100 thermocyclar (Bio-Rad, USA) with thermal profile: Initial denaturation at 96°C for 3 min and 35 cycles of denaturation 96°C for 30 s; annealing at 58°C for 30 s and extension at 72°C for 60 s and final extension at 72°C for 7 min. Post PCR the reaction mixture was checked for amplification on 1% Agarose gel for standardization. The PCR products were further purified to remove unincorporated primers and dNTPs using EXOSAP enzyme (NEB, UK) as per manufacturer's instructions.
Sequencing
Purified PCR products were quantified using Nanodrop spectrophotometer (Thermo, USA) and 10-15 ng product was used to constitute a 10 μl sequencing reaction containing Big Dye Terminator (ABI), 1x sequencing buffer, 3.2 pM forward primer. The reaction was incubated in a T100 thermocycler (Bio Red, USA) using the following parameters: 96°C for 1 min, 25 cycles of 96°C for 10 s, 55°C for 5 s, 60°C for 4 min. The reactions were purified by precipitation using 1/10 th volume 3M sodium acetate and 1/10 th volume 125 mM EDTA and 2.5 volumes absolute alcohol and pelleted by spinning at 13,500 rpm for 20 min. The pellet was washed twice using 80% alcohol and finally airdried. The pellets were dissolved in 20 μl Hi-Di formamide and were further incubated in a thermocycler at 96°C for 2 min and snap chilled. The prepared sequencing products were sequenced in ABI Genetic analyzer 3500 as per manufacturer's instructions at Lab Banaras, Varanasi.
Analysis
The raw chromatograms were initially viewed using chromas software and edited manually if required. The edited files were spa typed using BioNumerics software version 7.6 (Applied Maths. Keistraat 120, 9830 Sint-Latem, Balgium).
rEsults
The spa gene was detected in 248 out of 250 isolates (99.2%), whereas in 2 isolates (0.8%), it remains undetected and referred as non-typeable isolates. These two isolates were of methicillin-resistant type. In 248 spa genes positive isolates, PCR resulted in amplicons ranging from size 400-700 bp. The nucleotide sequences of 248 spa positive amplicons were sequenced and typed into the various spa types using BioNumerics software version 7.6 (Keistraat 120, 9830 Sint-Latem, Balgium) from Applied Maths. The nucleotides sequence analysis of 248 isolates resulted in 39 distinct spa types. There were 29 MRSA isolates which had 9 unique spa types i.e., t037 (n = 6), t045 (n = 6), t9493 (n = 3), t1360 (n = 3), t4333 (n = 3), t2518 (n = 2), t1921 (n = 2), t979 (n = 2) and t1939 (n = 2). Whereas 20 spa types were unique to 103 MSSA isolates i.e., t127 (n = 24), t3841 (n = 22), t442 (n = 9), t091 (n = 9), t1839 (n = 8), t223 (n = 4), t9456 (n = 4), t6769 (n = 3), t1298 (n = 2), t1642 (n = 2), t098 (n = 2), t314 (n = 2), t2663 (n = 2), t3204 (n = 2), t13881 (n = 2), t315 (n = 2), t1234 (n = 1), t15364 (n = 1), t2526 (n = 1) and t458 (n = 1). There were 10 spa types which were present in both MRSA and MSSA isolates (n = 56 MRSA and n = 60 MSSA) i.e., t021 (n = 13 MRSA and n = 22 MSSA), t657 (n = 13 MRSA and n = 10 MSSA), t1149 (n = 3MRSA and n = 12 MSSA), t309 (n = 6 MRSA and n = 4 MSSA), t005 (n = 6 MRSA and n = 2 MSSA), t14090 (n = 4 MRSA and n = 2 MSSA), t902 (n = 2 MRSA and n = 3 MSSA), t2085 (n = 2 MRSA and n = 3 MSSA), t852 (n = 4 MRSA and n = 1 MSSA) and t345 (n = 3 MRSA and n = 1 MSSA). The distribution of various spa types among S. aureus is shown in Figure 1 . The accession numbers of our registered 39 gene sequence in NCBI Gene Bank are KY123187-90, KY084255-60 and KY110967-95.
These spa types were clustered into different cluster groups by BURP algorithm that is installed in RidomStaph type software. BURP algorithm assigned various spa types as spa CCs (spa-CC), no founders, singletons or excluded spa type. The 248 spa types in this study have been assigned 5 spa CCs (spa-CC005, spa-CC1298, spa-CC3841, spa-CC 2526 and spa-CC345), 1 group with no founders, 8 singletons and 3 excluded spa types. The three spa types excluded from the clustering parameters analysis are with repeats shorter than five, as the length of these repeat patterns were insufficient to deduct evolutionary history from these spa types. The dimension of the cluster were defined by implementing a value ≤6 as the clustered cost between members of a group. [24] The spa-CC, spa type, no. of total strains, MRSA and MSSA strains and repeat IDs for 248 isolates are given in Table 1 . Graphical representation of the relationship of spa types in cluster group one to six is shown in Figure 2 . dIscussIon S. aureus infections, particularly MRSA are becoming a major health issue in India. One major reason is steadily increasing occurrence of MRSA strains in the hospitals. [29] However, the epidemiology and population diversity of MRSA and MSSA strains still remained to be elucidated. Various studies on MRSA and MSSA strains from different parts of the world have reported great diversity, which suggests that many different strains are circulating in particular hospitals or region. [30, 31] Surveillance programmes combined with the dedicated typing method should be performed to better understand the dimension of the problem and particular strains circulating in the region. The various spa types can evolve due to insertions, deletions or duplications of an individual repeat unit or group of repeats or point mutations within a specific repeat unit, leading to the formation of a different repeat unit. Faria et al. [24] used spa, MLST and PFGE methods to type 116 MRSA isolates and reported the isolation of 51, 34 and 32 types by these methods respectively indicating that discriminatory power of spa typing is more powerful than MLST and PFGE. Although, there are few reports from different parts of India on MLST and SCCmec typing, but none of them has reported the prevalence of spa type in their area comprehensively. Our study is based on the finding of Baum et al., [32] Faria et al. [24] and Mellmann et al. [22] and designed to show the combined effects of spa typing and BURP analysis from spa repeat regions which infersclonal relatedness and assigns phylogenetic relationship among various S. aureus strains. Typing of spa gene of MRSA strains by PCR-RFLP method was attempted in India where the researcher could report only five spa types [29] but in the present study, using spa typing method, we could detect 39spa types which were clustered into six different groups and eight singletons by BURP analysis. Our findings are in accordance with the report of Shakeri, and Ghaemi [33] in Iran where they reported 50spa types from 182 S. aureus isolates by spa typing method, whereas only 8 spa types were reported by a PCR-RFLP method in 191 S. aureus isolates. This suggests that spa typing method has better discriminatory effects than PCR-RFLP spa typing method. [33] reported spa type t037 and t937 were the most common among S. aureus isolates in North of Iran. Bazzoun et al. [34] reported that spa type t044 was the most common among isolates from Amman-Jordan representing 38% of the MRSA population and 28% of the S. aureus isolates. Another study by Harastani et al. [35] from Lebanon reported spa type t021, t044and t267 as the most common among S. aureus isolates. The most prevalent spa types in our study, i.e., t021 (spa-CC 1298), t127 (No founder), t657 (spa-CC345), t3841 (spa-CC 3841), t1149 (singletons), and t309 (spa-CC 005) all belong to different spa-CC. It is worth mentioning that spa-CC 005, spa-CC 1298, spa-CC 3841, spa-CC 2526 and spa-CC345 contained more than one spa type and included both MRSA and MSSA isolates. These clonal complexes including both MRSA and MSSA strains could be indicative of the extension of MRSA from MSSA through the acquisition of SCCmecelements. [23] Although studies from different parts of the world have shown that spa types and spa-CC vary in different regions, no such comprehensive data on spa typing and BURP analysis of MRSA and MSSA isolates from patient's is available from different cities or hospitals in India. It would be interesting to see similar studies from other parts of India, which will give a clearer and better understanding of epidemiology and population structure of MRSA and MSSA isolates in India.
spa typing method has been used in other parts of the world as well and is a valuable tool for characterization of S. aureus isolates. Recently, Khademi et al. [36] used spa typing and BURP analysis to type 56 S. aureus isolates in Mashhad, Iran and revealed 24 different spa types which clustered into five spa-CC and 12 singletons with spa-CC 024 being the most common among isolates (37.5%). A similar study from Iran reported 13 distinct spa types in 100 MRSA isolates that further clustered into four groups. [37] In another study from Amman, Jordon revealed 14 spa types in 19 MSSA isolates, and 18 spa types in 41 MRSA isolates with spa type t044 and t037 being the most common, which were clustered into two spa-CC (spa-CC 044 and spa-CC 037), eight singletons and three groups with no founder in BURP algorithm. [34] Similarly, Tokajian et al. [31] in their study of spa typing 137 S. aureus clinical isolates in Lebanon (93 MRSA and 37 MSSA) assigned 48 different spa types clustering into 23 different groups with 12 singletons and 11 groups comprising more than one spa types. We, therefore, adopted spa typing method for characterization of 250 S. aureus isolates in this study and propose this to be a very useful tool.
Previous studies have reported the high diversity in the genetic profile of MSSA as compared to MRSA isolates. Interestingly, we could not find any significant difference in the distribution of spa types among MRSA (19 types) and MSSA isolates (30 types) which do not match with the previous reports by Bazzoun et al., [34] Grundmann et al. [30] and Strommenger et al. [38] where they reported high diversity in the genetic profile of MSSA compare to MRSA isolates. Further, here we detected nine spa types unique to MRSA isolates and twenty spa types were unique to MSSA isolates. Any possibility of a relationship of methicillin sensitivity with various spa types of S. aureus isolates needs to be studied in larger population from other parts of India.
conclusIon
The study finding was based on spa typing in combination with BURP analysis on S. aureus isolates that is lacking in the area of study. The S. aureus isolates were typed into 39 spa types, which again were clustered into six different spa clonal clusters and 8 singletons. The high diversity observed within S. aureus isolates indicated that many different strains circulate in the study region or in the hospital. Moreover, the spa typing in combination with BURP analysis could be a better alternative than other methods for characterization of S. aureus isolates. However, this needs further validation from different hospitals and cities in India. 
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